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Svrha ovog istraživanja bila je proučiti učinak deksketoprofen-trometamola, meloksikama i natri-
jeva diklofenaka na netretiranu alveolarnu kost kada se koriste lijekovi za neku drugu indikaciju. 
Materijali i metode: Dvadeset osam mužjaka štakora Spraque-Dawley randomizirano je u četiri 
grupe na sličan način: tretirani su deksketoprofen-trometamolom (grupa 1.), meloksikamom (gru-
pa 2.) i natrijevim diklofenakom (grupa 3.), a u kontrolnoj grupi nije se primjenjivao nikakav lijek. 
Nesteroidne protuupalne lijekove (NSAID) dobivali su deset dana nakon frakture fibule. Netretira-
noj alveolarnoj kosti histopatološki se procjenjivala gustoća spongiozne kosti te osteoklastična i 
osteoblastična gustoća. Rezultati: Gustoća spongiozne kosti bila je niža u eksperimentalnim gru-
pama (grupe od 1 do 3) negoli u kontrolnoj (p < 0,05). Suprotno tome, u eksperimentalnim grupa-
ma uočeno je povećanje gustoće osteoklasta u odnosu prema kontrolnoj grupi (p < 0,05). Prema 
gustoći osteoblasta grupe 2 i 3 bile su niže od kontrolne (p < 0,05), ali je u grupi 1 gustoća bila ista 
kao i u kontrolnoj. Zaključak:	Ovo istraživanje pokazalo je da sustavno korištenje NSAID-a može 
utjecati na netretiranu alveolarnu kost. To se treba uzeti u obzir u slučaju produljenog korištenja 
tih lijekova. 
Ključne	riječi
nesteroidni protuupalni lijekovi; pregrad-
nja kosti; osteoblasti; osteoklasti; maksi-
larna kost
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“Bone remodeling” is a dynamic process and continues 
throughout life. Osteoblasts and osteoclasts take part in bone 
formation and the destruction of the bone in this process. The 
number and activity of osteoclasts and osteoblasts are sched-
uled by a multitude of factors, such as hormones, cytokines 
and locally produced signaling molecules under the influence 
of mechanical stimuli (1-3). Systemic and non-systemic fac-
tors that affect bone remodeling are explained in the litera-
ture (4). Various systemic and local endocrine and paracrine 
factors are involved in these processes. One of the most im-
Uvod
Koštana pregradnja cjeloživotni je proces. Pritom oste-
oblasti i osteoklasti sudjeluju u stvaranju i razgradnji kosti. 
Njihov broj i aktivnost određuju mnogobrojni čimbenici, 
poput hormona i citokina te lokalno izlučene signalne mole-
kule pod utjecajem mehaničkih stimulansa (1 – 3). Sistem-
ski i nesistemski čimbenici koji utječu na koštano remodeli-
ranje objašnjeni su u literaturi (4). U ove procese uključeni 
su različiti čimbenici te lokalni endokrini i parakrini faktori. 
Istaknimo da je korištenje nekoliko farmakoloških agenata 
najvažnije za zacjeljivanje kosti (5). Steroidi, kemoterapijski 










lijekovi i neke vrste antibiotika negativno utječu na cijelje-
nje kosti (5). Nesteroidni protuupalni lijekovi (NSAID) uo-
bičajeni su medikamenti za uklanjanje bolova i upala, ali ot-
kriveno je da mogu odgoditi i spriječiti zacjeljivanje koštanih 
lomova (5). Svrha ovog istraživanja bila je istražiti učinak 
deksketoprofen-trometamola (DEXT), meloksikama (MEL) 
i natrijeva diklofenaka (DIC) na alveolarnu kost kada se ko-
riste u različite svrhe, kao što je prevencija boli bilo gdje u ti-
jelu. 
Materijali i metode
Eksperimentalne protokole odobrilo je Etičko povjeren-
stvo naše ustanove. Potrebne životinje kupljene su u Centru 
za medicinsko i kirurško istraživanje, a držane su u polikar-
bonatnim kavezima u prostoriji s kontroliranom temperatu-
rom (22 ± 2°C) i potrebnom vlažnošću (50 ± 5%). Tijekom 
12-satnih ciklusa noći i dana, hranjene su laboratorijskom 
hranom u peletima, a pile su vodu kada su bile žedne. Ekspe-
riment je proveden nakon 15-dnevnog stabilizacijskog raz-
doblja u laboratoriju. Svi štakori korišteni u pokusima bili 
su tretirani prema smjernicama za brigu i korištenje labora-
torijskih životinja te u skladu s preporukama Helsinške de-
klaracije. 
Za procjenu netretiranih uzoraka maksile uzeti su štakori 
iz prije provedenog istraživanja (6). Za potrebe ovog istraži-
vanja randomizirano je 28 mužjaka štakora Spraque-Dawley 
(250 – 300 g) u četiri grupe – po sedam u svakoj. Na svima 
je obavljen standardizirani zatvoreni frakturni model na fibu-
lama. Jedan dan nakon stvorene frakture po grupama su do-
bivali NSAID-e: deksketoprofen-trometamol dobivali su oni 
u grupi 1 – 0,98 mg/kg 2 puta na dan; meloksikamom treti-
rane su životinje u grupi 2 – 0,2 mg/kg na dan, a natrijev di-
klofenak davao se grupi 3 – 1mg/kg na dan. Kontrolna grupa 
nije dobila ni jedan farmakološki spoj nakon frakture fibule 
učinjene prema istom protokolu. Kod svih eksperimentalnih 
grupa NSAID-i su primjenjivani u kliničkim dozama paren-
teralno deset dana nakon frakture. Nije bila primijenjena ni-
kakva terapija ni zahvat na alveolarnoj kosti štakora. Uzeti su 
uzorci maksilarne alveolarne kosti te su fiksirani u 10-postot-
noj otopini formalina, a meko tkivo sljedeći je dan uklonje-
no. Nakon toga bili su dva dana uronjeni u 10-postotnu ni-
tritnu kiselinu. Dekalcificirani uzorci ispirali su se dva sata u 
tekućoj vodi kako bi se uklonili ostatci kiseline. Svaki uzorak 
bio je podijeljen tako da se otkrije spoj, a primijenjen je ru-
tinski postupak uklapanja. Na kraju su uzorci uklopljeni u 
parafin izrezani na 4 μm, prerezi su obojeni hematoksilin-eo-
zinom te promatrani pod svjetlosnim mikroskopom (Olym-
pus CX 41). Alveolarnim kostima procijenjena je gustoća 
spongiozne kosti te osteoklastična i osteoblastična gustoća, 
a zatim su uspoređivane među grupama. Svaka značajka po-
sebno je klasificirana. Omjer gustoće spongiozne kosti i uku-
pne trabekularne kosti procjenjivao se na poprečnom presje-
ku (1: manje od 10 %; 2: između 10 % i 20 %; 3: više od 20 
%). Gustoća osteoblasta određena je brojenjem oko koštanih 
portant factors in bone healing is the use of several pharma-
cological agents (5). Steroids, chemotherapy drugs, and some 
classes of antibiotics have been reported to have negative ef-
fects on bone healing (5). Nonsteroidal anti-inflammatory 
drugs (NSAIDs) are the most commonly prescribed drugs 
for pain relief and inflammation but have also been found to 
have a potential to delay and to inhibit fracture healing (5). 
The aim of this study was to investigate the indirect ef-
fects of dexketoprofen trometamol (DEXT), meloxicam 
(MEL) and diclofenac sodium (DIC) on alveolar bone when 
they are used for miscellaneous purposes such as prevention 
of pain anywhere in the body.
Materials and methods
The experimental protocols were approved by the institu-
tional animal ethics committee. Animals were obtained from 
the medical and surgical experimental research center of the 
institute. All rats were housed in polycarbonate cages in a 
room with controlled temperature (22 ± 2°C), humidity (50 
± 5%), and a 12 hour cycle of light and dark and were fed 
laboratory pellet chows and water was given ad libitum. The 
experiment was performed after a stabilization period in the 
laboratory for fifteen days. All the rats used in the following 
experiments were subject to the Guiding Principles for the 
Care and Use of Laboratory Animals and the Recommenda-
tions of the Declaration of Helsinki.
The evaluated untreated specimens from rat maxillas 
were obtained from a previously performed study (6). In this 
study, 28 male Spraque-Dawley rats (250-300 g) were ran-
domized into four groups of seven each. Unilateral standard-
ized closed fracture model was performed in fibulas of all 
rats. The NSAIDs: dexketoprofen trometamol; administered 
to group I, 0.98 mg/kg per half a day, meloxicam; adminis-
tered to Group II, 0.2 mg/kg per day and diclofenac sodium; 
administered to Group III, 1mg/kg per day after performing 
the fibular fractures. No pharmacological agent was admin-
istered to the control group after performing the fibular frac-
tures. The NSAIDs were applied to all groups for the first 10 
days parenterally after the occurrence of the fractures in clin-
ical dosages. Any procedure or treatment was not performed 
in rat alveolar bones. Maxillary alveolar bone was removed 
from the rats. The bone specimens were first immersed in a 
10 % formalin solution and the soft tissues separated from 
the bone the following day. Afterwards they were put into a 
10% nitric acid solution for 2 days. The samples which de-
calcified were washed under the flowing water for 2 hours 
to remove acid residue. Each sample was divided to expose 
the union and routine tissue follow-up procedures were car-
ried out. At the end; the paraffin embedded tissues were cut 
into slices 4 μm thick, stained with hematoxylin eosin and 
were observed under the light microscopy (Olympus CX41). 
The alveolar bones were evaluated for their spongious bone 
density, and the osteoclastic and osteoblastic densities were 
compared between the different experimental groups. Each 
parameter was classified separately. The ratio of spongious 
bone density to a total trabecular bone observed in cross 
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lamela u područjima aktivno-intenzivne proliferacije (pove-
ćanje 3 x) (1: 24 ili manje osteoblasta; 2: 25 do 34 osteobla-
sta; 3: 35 ili više osteoblasta). Gustoća osteoklasta određena 
je brojenjem oko koštanih lamela: (1: prosjek od f 3 ili manje 
osteoklasta; 2: prosjek od 4 do 6 osteoklasta; 3: prosjek od 7 
ili više osteoklasta) (7).
Statistička analiza
Za statističku analizu korišten je kompjutorski program 
SPSS, Windows, 11.5 (Chicago, IL, SAD.). Izračunate su 
srednje vrijednosti i standardna devijacija. Za analizu homo-
genosti varijance korišten je Levenov test. Ako varijance ni-
su bile homogene, razlika je raščlanjena Kruskal-Wallisovom 
analizom varijance, a bilateralna usporedba rađena je Mann- 
Whitneyjevim U-testom. Kada su varijance bile distribuira-
ne normalno, korišten je t-test za uparene uzorke. Razlike su 
se smatrale statistički značajnima pri p < 0,05 .
Rezultati
Pronađene su statističke razlike (tablica 1.). Ustanovili 
smo da je gustoća spongiozne kosti bila statistički značajno 
niža u grupama DEXT, MEL i DIC u usporedbi s kontrol-
and 20%; 3, more than 20%). Osteoblast density was deter-
mined through counting of the osteoblasts around the bone 
lamellae in the active-intense proliferation area (3× magnifi-
cation) (1, 24 or fewer osteoblasts; 2, 25-34 osteoblasts; 3, 
35 or more osteoblasts). Osteoclast activity was determined 
through counting of the osteoclasts around the bone trabec-
ulae (1, average of 3 or fewer osteoclasts; 2, average of 4-6 os-
teoclasts; 3, average of 7 or more osteoclasts) (7).
Statistical Analysis
A computer program was used for the statistical analysis 
(SPSS, Windows, 11.5, Chicago, IL, USA.). Mean and stan-
dard deviation were calculated. The Levene’s test was used to 
analyze the homogeneity of the variances. If variances were 
not homogenous, the differences were analyzed using the 
Kruskal-Wallis variance analysis, bilateral comparisons were 
made by Mann- Whitney U test. The t test for paired samples 
was used when the variances distributed normally. Differenc-
es were considered statistically significant at p<0.05.
Results
Statistical differences were observed (Table 1). We found 
that spongious bone densities were statistically significantly 
decreased in groups DEXT, MEL, and DIC compared to the 
Tablica	1	 Opisni podatci aritmetičkih sredina, standardne devijacije i p-vrijednosti o gustoći spongiozne kosti te gustoći osteoklasta i 
osteoblasta
Table	1 He descriptive data of the mean values, standard deviations and p-values related to spongious bone density, osteoclast and 
osteoblast densities.
Mjereni parametar • 
Parameter 
Grupa • Groups




GRUPA 1 • GROUP I 2.00 ± 0.81
Grupe • Groups p
GRUPA 1 – GRUPA 2  • GROUP I-GROUP II 0.164
GRUPA 2 • GROUP II 1.42 ± 0.53 GRUPA1 – GRUPA 3 • GROUP I-GROUP III 0.293
Gustoća spongiozne kosti • 
Spongious Bone Density 
GRUPA 1 – KONTROLA • GROUP I-CONTROL 0.009*
GRUPA 3 • GROUP III 1.57 ± 0.53
GRUPA 2 – GRUPA 3 • GROUP II-GROUP III 0.606
 
GRUPA 2 –- KONTROLA • GROUP II-CONTROL 0.001*
KONTROLA • CONTROL 3.00 ± 0.00
GRUPA 3  – KONTROLA • GROUP III-CONTROL 0.001*
  
 
GRUPA 1 • GROUP I 1.57 ± 0.53
Grupe • Groups p
GRUPA 1 – GRUPA 2  • GROUP I-GROUP II 0.293
GRUPA 2 • GROUP II 2.00 ± 0.81 GRUPA1 – GRUPA 3 • GROUP I-GROUP III 0.424
Gustoća osteoklasta •  
Osteoclast Density 
GRUPA 1 – KONTROLA • GROUP I-CONTROL 0.023*
GRUPA 3 • GROUP III 1.85 ± 0.69
GRUPA 2 – GRUPA 3 • GROUP II-GROUP III 0.728
 
GRUPA 2 –- KONTROLA • GROUP II-CONTROL 0.009*
KONTROLA • CONTROL 1.00 ± 0.00
GRUPA 3  – KONTROLA • GROUP III-CONTROL 0.008*
  
 
GRUPA 1 • GROUP I 2.28 ± 0.75
Grupe • Groups p
GRUPA 1 – GRUPA 2  • GROUP I-GROUP II 0.031*
GRUPA 2 • GROUP II 1.42 ± 0.53 GRUPA1 – GRUPA 3 • GROUP I-GROUP III 0.012*
Gustoća osteoblasta •  
Osteoblast Density
GRUPA 1 – KONTROLA • GROUP I-CONTROL 1.00**
GRUPA 3 • GROUP III 1.28 ± 0.48
GRUPA 2 – GRUPA 3 • GROUP II-GROUP III 0.611
 
GRUPA 2 –- KONTROLA • GROUP II-CONTROL 0.009*
KONTROLA • CONTROL 2.28 ± 0.48
GRUPA 3  – KONTROLA • GROUP III-CONTROL 0.002*
  
Levenov test korišten je za analizu homogenosti varijance. Ako varijance nisu bile homogene, razlike su analizirane Kruskal-Wallisovom analizom 
varijance, bilateralna usporedba obavljena je Mann-Whitneyjevim U-testom. t test za uparene uzorke korišten je kada su varijance raspoređene 
normalno. S.D.: standardna devijacija, * p < 0,05 značajno, ** p = 1,00 jednako, GRUPA 1: DEXT; GRUPA 2: MEL; GRUPA 3: DIC
The Levene test was used to analyze the homogeneity of the variances. If variances were not homogenous, the differences were analyzed using the 
Kruskal-Wallis variance analysis, bilateral comparisons were made by Mann- Whitney U test. The t test for paired samples was used when the variances 
distributed normally. S.D.: Standard Deviation, * p<0.05 significant, ** p=1.00 equal, GROUP I: DEXT; GROUP II: MEL; GROUP III: DIC










Slika 1. Histološki uzorci spongiozne kosti
 A: grupa 1 (povećanje 200 x), B: grupa 2 (povećanje 100 x), 
C: grupa 3 (povećanje 200 x), D: kontrola grupa (povećanje 
100 x)
Figure	1 Histological specimen of spongious bone 
 A: Group I (200x magnification), B: Group II (100x 
magnification), C: Group III (200x magnification), D: Control 
(100x magnification)
Slika 2. Histološki uzorci spongiozne kosti za gustoću osteoklasta
 A: grupa 1 (povećanje 200 x), B: grupa 2 (povećanje 200 x), 
C: grupa 3 (povećanje 100 x), D: kontrola (povećanje 200 x)
Figure 2 Histological specimen of spongious bone osteoclast density
 A: Group I (200x magnification), B: Group II (200x 
magnification), C: Group III (100x magnification), D: Control 
(200x magnification)
Slika 3. Histološki uzorci spongiozne kosti za gustoću osteoblasta
 A: grupa 1 (povećanje 400 x), B: grupa 2 (povećanje 100 x), 
C: grupa 3 (povećanje 200 x), D: kontrola (povećanje 200 x)
Figure 3 Histological specimen of spongious bone osteoblast density
 A: Group I (400x magnification), B: Group II (100x 
magnification), C: Group III (200x magnification), D: Control 
(200x magnification)
nom grupom (p < 0,05). (Slika 1). Suprotno tome, gustoća 
osteoklasta bila je statistički značajno viša u grupama DEXT, 
MEL, i DIC u odnosu prema kontrolnoj grupi (p < 0,05) 
(slika 2.). Gustoća osteoblasta pokazivala je statistički značaj-
no manju vrijednost u grupama MEL i DIC u odnosu prema 
kontrolnoj grupi (p < 0,05) (slika 3.), a grupa DEXT bila je 
ista kao i kontrolna (p = 1,00) (tablica 1.). Grupa DEXT je u 
usporedbi s grupama MEL i DIC bila konzistentnija. 
Rasprava
U ovom istraživanju pokazano je da sustavno davanje 
NSAID-a u druge svrhe može utjecati na strukturu alveo-
larne kosti indirektno na staničnoj razini. Nema istraživanja 
o posrednom utjecaju nesteroidnih protuupalnih lijekova na 
strukturu alveolarne kosti (osteoblastična/osteoklastična gu-
stoća) tijekom korištenja lijekova u slučaju neke druge bole-
sti. U ovom istraživanju, za razliku od drugih, nije bilo nika-
kvog procesa ili stimulansa na alveolarnoj kosti, ali čini se da 
control group (p < 0.05) (Figure 1). In contrast, osteoclas-
tic densities were found to be statistically significantly higher 
in groups DEXT, MEL, and DIC than in the control group 
(p < 0.05) (Figure 2). The osteoblastic densities showed that 
there was a statistically significant decrease in groups MEL 
and DIC compared to the control group (p < 0.05) (Figure 
3). Osteoblastic density in group DEXT was equal to the 
control group (p = 1.00) (Table 1). The DEXT group, com-
pared to the MEL and DIC groups, seemed more consistent. 
Discussion
This study showed that systemically administrated 
NSAIDs for other purposes have the potential to affect the 
alveolar bone structure indirectly at the cellular level.
There are no studies about the indirect effects of NSAIDs 
on alveolar bone structure (osteoblastic/osteoclastic densi-
ties) during the use of drugs for any other purposes. In this 
study, as opposed to other studies, there has not been any 
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nesteroidni protuupalni lijekovi utječu na alveolarnu kost. U 
literaturi, koja se obično dopunjuje istraživanjima u ortope-
diji, opsuju se neka istraživanja na životinjama o učinku ke-
toprofena, indometacina, ibuprofena, MEL-a, kelekoksiba, 
rofekoksiba i diklofenaka na cijeljenje kosti. U nekima od 
njih ističe se da ti lijekovi sprječavaju cijeljenje kosti, ali u du-
gima se kaže da to nije točno (8 – 17). Dodatno je pokaza-
no da NSAID (niska doza diklofenaka) kod štakora sprječava 
heterotopičnu osifikaciju (18). 
Trenutačno je u tijeku nekoliko istraživanja u području 
dentalne medicine, a usmjerena su na ovaj cilj. U nekim ek-
sperimentalnim studijama autori su izvijestili o učinku kon-
vencionalnih NSAID-a na cijeljenje alveolarne kosti (19 – 
23). U histološkom istraživanju na ekstrakcijskim ranama 
pasa, uočeno je da korištenje aspirina uzrokuje kašnjenje u 
formiranju alveolarne kosti u uzorcima prva dva tjedna. Du-
goročni učinak nije zapažen (4 – 8 tjedana) (20). Yugoshi i 
suradnici (21) izvijestili su da terapija diklofenakom uzroku-
je znatno kašnjenje u neoformaciji kosti u procesu alveolar-
nog popravka. Silva i njegovi kolege (22) pokazali su da DIC 
i MEL uzrokuju kašnjenje u zacjeljivanja koštanoga presatka, 
a deksametazon nije imao učinka. Ketorolak i etorikoksib ni-
su utjecali na cijeljenje alveolarne kosti štakora dva tjedna na-
kon vađenja zuba (23). Teofilo i suradnici. (19) sugeriraju da 
kratkoročna terapija nimesulidom ne sprječava cijeljenje al-
veolarne kosti štakora. Knop i kolege (24) istaknuli su da di-
klofenak i deksametazon zaustavljaju koštanu resorpciju tije-
kom inicijalne faze ortodontskog pomicanja zuba. 
Kakao je već istaknuto, u ovom istraživanju nije bilo ni-
kakvog procesa.
NSAID-i utječu na životni ciklus osteoblastnih stanica i 
staničnu smrt. Neka istraživanja pokazala su da u terapijskim 
dozama djeluju na osteoblaste (25 – 27). 
Ovo istraživanje pokazalo je da je gustoća osteoblasta bi-
la značajno niža u grupama MEL i DIC u usporedbi s kon-
trolnom grupom. Najvažniji dio našeg rada, u odnosu prema 
drugim istraživanjima na alveolarnom nastavku, jest da nije 
bilo nikakvih procesa ni stimulansa tijekom korištenja neste-
roidnih protuupalnih lijekova. Ovo bi se trebalo uzeti u raz-
matranje pri dugoročnom korištenju NSAID-a, primjerice 
kod pacijenata s ankiloznim spondilitisom (reumatska bo-
lest). Smatramo da procjena posrednog učinka dugoročnog 
korištenja NSAID-a na druge tkivne strukture treba pota-
knuti daljnja istraživanja. 
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theless, NSAID use appears to affect the alveolar bone. 
In the literature, which has generally benefited from 
studies in orthopedics, there are some animal studies about 
the effects of ketoprofen, indomethacin, ibuprofen, MEL, 
celecoxib, rofecoxib, and diclofenac on bone healing. Some 
of these studies showed that these drugs impaired bone heal-
ing, but other studies showed that they did not affect the 
healing processes (8-17). In addition, NSAIDs (a low dose of 
diclofenac) have been shown to prevent heterotopic ossifica-
tion in rats (18). 
Presently, there are a few studies devoted to this subject 
in dentistry. A small number of experimental studies have re-
ported the effect of conventional NSAIDs on alveolar bone 
healing (19-23). In a histological study performed on the ex-
traction sockets of dogs, it was reported that using aspirin 
cones presented a delay in alveolar bone formation in the 
first 2 weeks’ samples. But no effects were reported in the 
long term (4-8 weeks) (20). Yugoshi et al. (21) reported that 
treatment with diclofenac caused significant delay of bone 
neoformation in the alveolar repair process. Silva et al. (22) 
showed that DIC and MEL delayed bone graft repair and 
dexamethasone had no influence. Ketorolac and etoricoxib 
did not interfere with rat alveolar bone repair 2 weeks af-
ter tooth extraction (23). Teofilo et al. (19) suggested that a 
short-term treatment with nimesulide did not hinder alveo-
lar bone healing in rats. Knop et al. (24) reported that diclof-
enac and dexamethasone halted bone resorption during the 
initial phase of orthodontic movement. As emphasized earli-
er in this study, there have not been any processes.
NSAIDs have an effect on the osteoblastic cell cycle and 
cell death. Some studies have shown that NSAIDs influence 
osteoblasts at therapeutic doses (25-27).
This study shows that osteoblastic density was signifi-
cantly decreased in groups MEL and DIC compared to the 
control group. The most distinctive feature of our work in 
relation to other studies into the alveolar bone was that no 
process or stimulus was applied during the use of NSAIDs. 
This should be considered in the long-term use of NSAIDs, 
such as in ankylosing spondylitis patients (rheumatic diseas-
es). We believe that the evaluation of indirect effects of the 
long-term use of NSAIDs on other tissue structures has po-
tential for further scientific research. 
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